Microsomal and cytosolic enzymes that metabolize xenobiotics were measured in composite samples representing entire livers and in samples from three lobes, using livers of cattle, goats and sheep. Within individual species, concentrations of cytochrome P-450 and b s and activities of NADPH cytochrome c reductase, aldrin epoxidase, aminopyrine N-demethylase, ethoxycoumarin O-deethylase, microsomal and cytosolic stilbene oxide (epoxide) hydrolase and glutathione S-transferase were not different (P>.05) among the various hepatic lobes. Among species, several activities differed (P<.05), with cattle livers generally having lower values than sheep or goats.
Introduction
The wide variety of synthetic and naturally occurring toxicants to which food-producing animals are exposed can adversely affect animal health and impart hazardous residues to food products consumed by man (Shull and Cheeke, 1983) . The fate of many substances in an animal is dependent both quantitatively and qualitatively on the activities of hepatic xenobiotic-metabolizing enzymes. Although inappropriate for ascertaining metabolism of xenobiotics in food animals, various in vitro hepatic systems such as tissue slices, homogenates and subcellular fractions have been valuable in studies of chemical induction (Cook and Wilson, 1970; Ford et al., 1976; Shull et al., 1986 ) and comparative metabolism . Recently, isolated hepatocytes have been employed to ascertain xenobiotic metabolism in cattle (Forsell et al., 1985; Shull et al., 1986) , as well as intermediary metabolism in sheep (Clark et al., 1976; Pogson et al., 1983) . Studies in laboratory animals have shown that isolated hepatocytes approximate in vivo metabolism better than other in vitro systems (Bridges, 1980; Sirica and Pitot, 1980; Smith and Orrenius, 1984) .
In contrast to laboratory animals, only a small portion of the liver, such as the caudate process for preparation of isolated hepatocytes (Forsell et al., 1985) , is collected for use in in vitro studies in large animals. However, there are no data available on the uniformity of hepatic xenobiotic-metabolizing enzyme activities in ruminant species. In the present study, we compared the activities of several microsomal and cytosolic enzymes among different lobes of livers collected from cattle, goats and sheep. inated. Livers were removed within 20 min after exsanguination and immediately chilled in icecold 150 mM potassium chloride (KC1) buffer. Each liver (minus gall bladder) was sectioned as follows: 1) the caudate process of the caudate lobe (CP); 2) the right lobe, including the papillary process of the caudate lobe (RL); and 3) the left lobe (LL; figure 1). Each lobe was ground through a hand-crank meat grinder 4, mixed, and a sample weighing about 10 g was removed and frozen by submersion in liquid nitrogen within 30 min after removal from the animal. The remaining ground liver was combined, mixed thoroughly, and a 10-g liver composite (LC) was removed and frozen as described previously. Tissue manipulations were performed in a cold room to maintain the liver temperatures at 0 to 4 C. All samples were stored in liquid N 2 tanks for up to 5 mo. As determined experimentally, freezing of liver in liquid N2 had no effect on enzyme activities; activities were not different (P>.05) when frozen (liquid N2) and unfrozen (held at 0 to 4 C) tissue derived from livers of the same animal were compared (unpublished data).
Preparation of Microsomes. About 10 g of frozen tissue were slowly thawed in 20 ml of ice-cold homogenization buffer (20 mM Trishydrochloride, 1.15% KC1, pH 7.4). Microsomes 4 Food Chopper No. 3. Universal Chopper Div., Union Mfg. Co., Meriden, CT.
were prepared as described previously (Shull et al., 1982) . Homogenized liver was centrifuged at 16,800 x g for 20 min at 0 to 4 C. The supernatant was centrifuged at 105,000 x g for 60 min, and the cytosol was reserved and frozen at -8 0 C for cytosolic enzyme measurements. The microsomal pellet was resuspended in 15 ml of .4 M sucrose, 77 mM sodium pyrophosphate (pH 7.5) and recentrifuged as before. The final pellet was resuspended in 150 mM KC1 to yield about 30 mg protein/ml. Protein was determined colorimetrically by the biuret method using a bovine serum albumin standard (Gornall et al., 1949) .
Cytocbrome Assays. Cytochromes P-450 and bs were measured spectrophotometrically by the method of Omura and Sato (1964) . Protein concentration in 100 mM Tris (pH 7.4) was 1 mg/ml.
Enzyme Assays. NADPH cytochrome c reductase was measured spectrophotometrically (Pederson et al., 1973 ) using concentrations of .3 mg protein and .257 mM cytochrome c per assay. Aldrin (.55 mM) epoxidation (Krieger et al., 1976) , aminopyrine (40 mM) N-demethylation (Anders and Mannering, 1966) and ethoxycoumarin (3.2 mM) O-deethylation (Ullrich and Weber, 1972) were measured as described by Gillette et al. (1986) . Microsomal protein concentration was .4 mg/assay and reaction incubation time was 20 rain. All monooxygenases, which were run in duplicate, were validated for time and protein linearity in the three species. Microsomal epoxide hydrolase (mEH) and glutathione S-transferase (GST) activities toward 3H-cis-stilbene oxide (5 x 10 -s M) and cytosolic epoxide hydrolase (cEH) activities toward 3H-trans-stilbene oxide (5 • 10 -s M)were determined by the method of Gill et al. (1983) . The assay for cEH was modified to deplete endogenous glutathione as described by Moody et al. (1986) . The specific activity was 6 mCi/ mmol for both cis-and trans-stilbene oxide.
Statistical Analysis. Means and standard errors were calculated for three to five individuals of each species. For interlobular comparisons, standard errors (SE) were calculated using data pooled from the three lobes and LC of all animals (n=3,4 or 5) within species, where SE =~E/n (Gill, 1978) . Data for each measurement within species were subjected to one-way analysis of variance (ANOVA) and Bartlett's test for heterogeneity of variance. For species comparisons, SE were calculated (Gill, 1978) from pooled liver composite data only, where SE = s/x/'~, and n= total number of cattle, goats and sheep, e.g., n = 13. Data for each measurement among species were subjected to ANOVA, Bartlett's test for heterogeneity of variance, and pairwise comparisons of means using Bonferonni significance levels s .
Chemicals. Aldrin was purchased from Chem
Service, West Chester, PA. Aminopyrine was purchased from Aldrich Chemical Co., Milwaukee, WI.
[3H] cis-and [3H] trans-stilbene oxide were prepared by Dr. Bruce Hammock as previously described (Gill et al., 1983) . All other reagents were purchased from Sigma Chemical Co., St. Louis, MO or Mallinckrodt, Inc., Paris, KY.
Results and Discussion
Variances for each measurement within each species, e.g., interlobular comparisons, and among the three species were found to be homogenous as determined by Bartlett's test (P>.05). Therefore, a pooled standard error of the mean (SE) is listed for each measurement.
We regarded all liver weights as within normal ranges. Visual appearances of the livers also were considered normal, but microscopic evaluations of liver tissues were not conducted. .
Cytochrome P-450 or bs concentrations among the lobes and LC were not different (P>.05). Likewise, NADPH cytochrome c reductase, aldrin epoxidase, aminopyrine Ndemethylase, ethoxycoumarin O-deethylase, microsomal and cytosolic stilbene oxide (epoxide) hydrolase and glutathione S-transferase activities did not differ (P>.05) among the lobes within species (table 1) .
Comparisons among species were made using the liver composite data only. Several differences (P<.05) were found, as shown in table 1. Cytochrome P-450 concentrations in goats and sheep were about 1.5 times greater than in cattle. However, the trends reported here were in direct contrast to those reported by others. and found hepatic cytochrome P-450 concentrations to be about .60 nmol/mg protein in cattle, whereas concentrations in sheep were about .40 nmol/mg protein.
Goats had the lowest cytochrome bs concentrations, whereas sheep had the highest. Similar cytochrome bs values in cattle were reported by Facino et al. (1984) .
The NADPH cytochrome c reductase activities were not significantly different among the species (P>.05). Values for cattle are consistent with reported values (Facino et al., 1984) .
Although aldrin epoxidase activities in cattle were about 40% that of goats or sheep, the values did not differ (P>.05).
Aminopyrine N-demethylase activities in cattle were less than or equal to those in sheep, which were less than or equal to those in goats (table 1) . Cook et al. (1970) reported similar trends, although values for goats were much greater (2.5 times) than for cattle.
Ethoxycoumarin O-deethylation was similar for all three species. Cytosolic epoxide hydrolase activities toward trans-stilbene oxide were similar in cattle and sheep, yet were about 25% higher in goats. Microsomal epoxide hydrolase activities toward cis-stilbene oxide were about twofold greater in goats and sheep than in cattle. CStandard errors (SE) were calculated from pooled liver composite data, where SE = s/x/~', and n=total number of cattle, goats and sheep, e.g. n=13.
dNmol.min--1 .rag protein --~ esubstrate is cis-stilbene oxide.
fStandard errors (SE) were calculated from pooled data, where SE --X~E/n, and n = 3,4 or 5 animals.
g'hcomparisons among species were made using LC data; means with different superscripts differ (P<.05). iN= 3
Glutathione S-transferase activities toward cis-stilbene oxide are shown in table 1. Activities in goats were greater than or equal to those in cattle, but were less than or equal to those in sheep.
Discussion
This study was conducted to assess the uniformity of xenobiotic-metabolizing activities in various locations of livers collected from domestic ruminant species. We were particularly concerned whether the caudate process of the caudate lobe (CP) was similar to the rest of the liver; to date, a two-step collagenase perfusion technique using the CP is the best method for preparing viable and functional isolated hepatocytes (Forsell et a1.,1985; Shull et al., 1986) . The CP as a source of isolated hepatocytes affords several advantages: 1) it avoids the use of voluminous amounts of buffers and collagenase solutions needed to perfuse the whole organ; 2) it allows for a more efficient perfusion because of the minimal cut surface and enclosed capsule; and 3) it provides a large yield of hepatocytes for studying a variety of metabolic activities (Clark et al., 1976; Pogson et al., 1983; Forsell et al., 1985; Shull et al., 1986) . The data indicate that the CP, as well as the RL and LL, are not significantly different from the liver composite. In a similar study using rats, no significant differences were found comparing several microsomal monooxygenase activities of freshly isolated hepatocytes from regenerated adult liver with those of the caudate lobe of the parent liver (Guzelian et al., 1977) . Although a more thorough examination of phase 1 and phase 2 biotransformations may reveal specific differences among hepatic locations, we feel the activities reported here and by others (Guzelian et al., 1977) are sufficient to support use of the CP. Moreover, liver subsamples collected by biopsy should be appropriate for in vitro studies.
This report also reveals several differences in xenobiotic metabolism among cattle, goats and sheep. In general, cattle livers had the lowest microsomal and cytosolic activities and goat livers had the highest. reported GST activities toward 1-chloro-2,4-dinitrobenzene to be about 2,000 nmol.min -1 .mg protein -1 in sheep, but only 950 nmol~ -~.mg protein -~ in cattle. We report a similar trend in GST activities toward cis-stilbene oxide in cattle and sheep. In some instances, e.g., aldrin epoxidase and ethoxycoumarin O-deethylase, no differences among species were observed. In contrast, O-deethylase activities toward another substrate, ethoxyresorufin, were 10-fold greater in cattle than in sheep . Although we are reporting significant species differences, it must be noted that other variables known to influence xenobiotic metabolism, such as age and environment, may be contributing factors. Consequently, the use of some ruminant species as models for others may be inappropriate unless all the factors underlying apparent species differences are identified and controlled.
